1. Introduction {#sec1}
===============

Falls are a major cause of morbidity and mortality in older people with cognitive impairment; further, a high percentage of patients with a mental disorder (MD) fall repeatedly before fall-related hip fractures \[[@B1]--[@B3]\]. However, once a hip fracture has occurred, the risk factors for a poorer survival prognosis are co-morbidities, age older than 85 years, male sex, dependent living arrangements, and a diagnosis of dementia \[[@B4], [@B5]\].

Concomitant depression and dementia significantly increase the 12-month risk of elderly patients dying after surgery for a hip fracture \[[@B6]\]. Cognitive and mood disorders are common in elderly patients with a hip fracture and are associated with greater risk of poor outcomes, both independently and in combination. Recognition and treatment of these conditions together with stratification of variables associated with these disorders may reduce adverse outcomes in this vulnerable population \[[@B7]\]. Since surgery to treat hip fractures is considered the gold standard even for nonagenarians with a heavy co-morbidity burden \[[@B8]\], a study to determine an association between surgical complications and a MD appears to be extremely important; nevertheless, the association between a MD and iatrogenic complications after hip fracture surgery has not been addressed adequately. Among iatrogenic co-morbidities, nosocomial infections (NIs) are a major problem after hip fracture surgery; because of the morbidity and mortality, the surgeon is always aware of this devastating complication.

The aim of this paper was to study whether patients with a MD and a hip fracture develop more infections after hip surgery than patients without a MD. Because MDs are not only a common cause of hip fractures but also of complications after surgery, we addressed the hypothesis that patients with a MD develop more infections after surgery for hip fractures than patients without a MD. The null hypothesis is that there is no difference between the groups, and the alternative hypothesis is that patients with a MD and a fractured hip develop fewer infections than those without a MD.

2. Material and Methods {#sec2}
=======================

2.1. Data {#sec2.1}
---------

We designed a cohort study of patients with a MD who underwent surgery for a hip fracture and a control group of patients without a MD who also underwent surgery for a hip fracture. We followed them after surgery to study the differences in the rates of development of NIs. We reviewed the records of all patients who underwent hip fracture surgery in our institution between 2006 and 2008. Data on all hip fractures were collected prospectively from the patient admission. The data collection was based on the Minimum Data Base Group of the Spanish National Health System \[[@B9]\] and followed the Standardised Audit of Hip Fractures in Europe (SAHFE) \[[@B10]\]. Data management was protected by the Spanish data protection law \[[@B11]\] and overallprocedureswas supervised by the ethics committee of our hospital.The affiliation, full clinical history, and complications were included in our hospital database; we worked only with computerized clinical histories (HP Doctor Hewlett-Packard Española SA 2001. License HCE 2001). Two authors collected the data from our database. However, since all data were computerized and codified, the potential for biased interpretation was eliminated.

2.2. Mental Disorders {#sec2.2}
---------------------

Although all elderly patients admitted to our department underwent the Mini-Mental Test (MMT) \[[@B12]\], performed by a nurse, on ward admission, we considered a MD as any behavioural disturbance that was professionally diagnosed or corroborated by the Psychiatry Department of our hospital. Proper diagnosis for codification had to be made by a specialized doctor. According to the International classification of Diseases, Tenth Edition (ICD-10-CM), the diagnoses included nonbehavioural-alteration dementia, senile dementia without complications, vascular dementia with no complications, Alzheimer\'s disease, Parkinson\'s disease, alcoholism, unclassified depression, and other forms of anxiety and dissociative or somatomorph disorders.

2.3. Treatment {#sec2.3}
--------------

All patients received prophylactic intravenous antibiotics 30 minutes before surgery (2 grams of sodium cefazoline) and two additional doses during the next 2 days. In patients allergic to penicillin, 1 gram of vancomycin was administered. We did not use antibiotic-impregnated implants or gentamicin-impregnated bone cement. Most patients had spinal anaesthesia, and no patient underwent a simultaneous bilateral surgery. A group of staff surgeons experienced in treating hip fractures performed all surgeries. Since the objective of this study was to address the end point of infection or no infection, we considered both osteosynthesis and joint replacement techniques. Osteosynthesis consisted of either AO cannulated screws (5 mm-cannulated screw Synthes), a proximal femoral nail (PFN, Synthes), or a joint replacement (either a partial or a total cemented hip replacement) (Exeter, Stryker). Patients were not assigned to any treatment based on mental, social, or any factors other than femoral head viability and general health.

Patients in good general health underwent osteosynthesis; patients with worse general health underwent joint replacement; those with very poor general health underwent partial joint replacement. Patients were classified by co-morbidity according to the criteria of Charlson et al. \[[@B13]\]. The Charlson Index contains 19 categories of co-morbidities, originally based on ICD-9-CM diagnoses and procedural codes, and their associated weights, that provide an overall co-morbidity score to reflect the cumulative increased likelihood of 1-year mortality. We regrouped the criteria of Charlson et al. into three groups according to the studies of Deyo et al. \[[@B14]\] and Romano et al. \[[@B15]\]. The original groups 0 to 7, for which 0 indicated the least and 7 the most severe, were regrouped into 0 to 2 (category 2 included categories 2--7). Categories also were based on the ICD-10-CM and the version of Librero et al. \[[@B16]\]. For surgical indication, we did not make a mathematical correlation between the groups of Charlson et al. and the type of treatment. Because patients did not know that research was in progress, all were considered randomized; further, doctors were on call based on an already scheduled timetable to perform a similar number of surgeries. Therefore, the patients did not choose the doctors. The chance of being operated on by a specific surgeon was the same for groups A and B described below.

2.4. Nosocomial Infections {#sec2.4}
--------------------------

We considered a NI as any infection that developed within 3 months after the primary surgery for a hip fracture (infection either at the surgical site, pneumonia, urologic infection, or others). Classically, the topography of infection at the surgical site includes either deep or superficial infection, depending on whether the infection is deep or superficial to the fascia lata. Since this classification is based on surgeon inspection, we believe that the sensitivity is very low, therefore in most cases we treated the infection thoroughly as a deep one. For this research, diagnosis of a NI was based on a retrospective analysis of our database. Retrospective analysis of the clinical history is the most sensitive and specific method for infection diagnosis \[[@B17]\], although primary detection was based on a positive bacteriologic culture. Patients either with a follow-up shorter than 1 year or patients who died postoperatively before 3 months for a reason other than a NI were excluded. Therefore, we were certain that all patients, whether they had a MD or not, had the same chance of developing a NI. Any patient with a mechanical complication such as "cut out" of implants (loosening of the implant), a periprosthetic fracture, or any other reintervention also was excluded provided that the patient had not developed an infection as a result of the first surgery.

2.5. Design {#sec2.5}
-----------

The main cohort of patients included those who underwent surgery for a hip fracture with a previous diagnosis of MD (group A). The control group included patients who underwent surgery for a hip fracture without a previous diagnosis of a MD (group B). Since the aim of this study was to determine the association between a MD and postoperative infection, it was especially important that the diagnosis of a MD was established before surgery. Age, gender, and length of hospital stay (LOS) also were studied.

2.6. Statistical Analysis {#sec2.6}
-------------------------

Data were transported, coded, and stored in a Microsoft Excel programme (Windows 2007, Microsoft Corp., Redmond, WA) and analyzed using a SPSS programme (version 14.0 SPSS Inc., Chicago, IL). The primary end point was the development of a NI during the hospital stay. The mean and 95% confidence intervals (CIs) were calculated for the quantitative variables, and percentages were calculated for the qualitative variables. A univariate analysis was performed using a simple logistic regression model to estimate the odds ratio (OR) and the corresponding 95% CI. Multiple logistic regression analysis was then performed to adjust for the effect of a MD on age, sex, and the index of severity of Charlson et al. \[[@B13]--[@B15]\].

3. Results {#sec3}
==========

We enrolled 912 patients who underwent surgery for a hip fracture. Group A (patients with a previous diagnosis of a MD) included 223 patients; group B (patients without a previous diagnosis of a MD) included 689 patients.

3.1. Univariate Analysis ([Table 1](#tab1){ref-type="table"}) {#sec3.1}
-------------------------------------------------------------

### 3.1.1. Age {#sec3.1.1}

The patients in group A were an average age of 78.82 years. Although the range was between 0 and 100 years, 95% of the patients were between 57.26 and 100.38 years. The patients in group B were an average age of 75.81 years. The range also was considered to be between 0 and 105 years, and 95% of the patients were between 47.15 and 104.46 years.

### 3.1.2. Gender {#sec3.1.2}

The patients included 647 (70.94%) women and 265 men (29.05%) (group A, 68 men \[30.49%\] and 155 women \[69.51%\]; group B, 197 men \[28.59%\] and 492 women \[71.41%\]).

### 3.1.3. MD {#sec3.1.3}

Group A included 223 patients (24.45%), and group B included 689 patients (75.54%).

### 3.1.4. Comorbidities {#sec3.1.4}

A total of 821 patients (88%) were classified, based on the criteria of Charlson et al., in group 0 or 1 and 91 (10%) in group 2 (group 2 included groups 2 to 7 according to the modified criteria of Charlson et al. \[[@B13]--[@B16]\]). Therefore, most patients had a less severe score for the criteria of Charlson et al. The mean value for the score of Charlson et al was 0.60. Groups A (presence of a MD) and B (no MD) were matched according to the criteria of Charlson et al. 79.82% of group A patients were in the 0-1 group of Charlson et al. and 93.33% were in group B. Therefore, the comorbidities did not differ between groups.

### 3.1.5. Infection {#sec3.1.5}

A NI developed in 58 patients (6.4%) of all 912 patients. Twelve out of 223 patients (5.38%) were in group A; 46 of 689 (6.68%) were in group B. Although patients with a MD had fewer infections than patients without a MD, the difference was not significant (OR, 0.795; CI, 96.5% = 0.413--1.529; *P* = .49). The results of simple and multiple logistic regression analyses are shown in [Table 2](#tab2){ref-type="table"}. The distribution of microorganisms and infection sites in groups A and B are shown in [Table 3](#tab3){ref-type="table"}.

### 3.1.6. Length of Stay {#sec3.1.6}

The median preoperative LOS in group A was 1.96 days (range, 0--8) and in group B 1.51 days (range, 0--9). The overall mean LOS was 8.30 days. In group A, the total LOS was 7.09 days (CI, 6.34--7.83) and in group B 8.74 days (CI, 8.00--9.48). The total LOS for patients in group A who developed a NI was 13.58 days (standard deviation \[SD\], 16.79), whereas for patients in group B with a NI the LOS was 28.08 days (SD, 21.96). The LOS in group A decreased dramatically to 6.72 days (SD, 4.08) when patients did not develop a NI and to 7.35 days (SD, 6.45) in group B. One patient in group A with a NI was discharged to a nursing home and seven to their own home; four patients died from the NI. In group B, five patients were discharged to a nursing home, 33 to their own home, one back to her country, and seven died because of the NI. There was no statistical difference between groups in mortality.

3.2. Multivariate Analysis {#sec3.2}
--------------------------

The results of multivariate analyses are shown in [Table 2](#tab2){ref-type="table"}. MDs were not associated with infection when considered alone (crude OR, 0.79; 95% CI, 0.413; 1.529) or together with the other variables (multivariate analysis, adjusted OR, 0.74, 95% CI, 0.37; 1.46).

Age was associated with infection when considered alone (crude OR, 0.96; 95% CI, 0.95; 0.97) or together with other variables (multivariate analysis, adjusted OR, 1.04; 95% CI, 1.01; 1.07).

Gender was not associated with infection when considered alone (OR = 0.93; 95% CI, 0.51; 1.68) or together with other variables (OR = 1.14 \[0.62; 2.10\]). The differences were not significant.

The criteria of Charlson et al. for co-morbidities were not associated with infection when considered alone (crude OR for index 1, 1.07 \[95% CI, 0.60; 1.90\], and for index 2, which included 2 to 7, OR = 1.07 \[95% CI, 0.43; 2.65\] or together with other variables (multivariate analysis, adjusted OR for index 1, 0.99; \[95% CI, 0.54; 1.80\], for index 2, which included 2 to 7; OR, 1.02 \[95% CI, 0.40; 2.62\].

4. Discussion {#sec4}
=============

Considering the outcomes of hip fracture after treatment, infection is a major issue in morbidity and mortality \[[@B4], [@B18], [@B19]\]. Apparently, many variables appear to be associated with infection; age, male sex, type of fracture and treatment, and many others which have or have not been shown to be associated with infection \[[@B20]\]. Studies of these issues should be addressed by considering infection as a nosocomial disease rather than only a surgical-site disease, since morbidity and mortality associated with nonsurgical-site infection justify this approach. However, the methodology should be designed such that many variables can be associated with each other; therefore, multivariate analysis is of overwhelming importance in these studies \[[@B21]--[@B25]\].

In the current paper, 24% of our patients had a MD, which may represent a very low frequency; however, we measured the prevalence and not the incidence of MD. We followed patients with and without a MD by the time of admission (prevalence) who can develop an infection during follow-up (incidence). We believe the professional diagnosis may be the key and tried to avoid subjective diagnoses by relatives, nurses, or orthopaedic surgeons. Further, we saw that in most studies this concept is very confusing, and too many patients are included as having a MD. The MMT is carried out by nurses and probably a magnification of the problem exists. It has been shown that patients living in nursing homes fall more than those living with their families; moreover, they can develop more MDs \[[@B2], [@B3]\]. However in the current study, we studied the prevalence of MDs independent of patients origin and their risk of a NI after surgery.

We used a multiple logistic regression model to study 912 patients who underwent surgery for a hip fracture. We considered a MD as the main variable to be verified by statistical analysis. MD is a risk factor for hip fracture and apparently for a poor outcome after the diagnosis has been made \[[@B4], [@B5], [@B7], [@B20], [@B26]--[@B30]\]. Nevertheless, to the best of our knowledge, the effect of the association of infection together with a MD has not been studied. Since the rate of development of a NI in patients with a previous MD could be very high, and the question arises about whether it is very risky or even practical for these patients to undergo surgery, we designed a cohort study in patients with a previous diagnosis of a MD who sustained a hip fracture and underwent either osteosynthesis or joint replacement. We conducted a literature search for infection as a complication of surgical treatment or hospital stay. Our results showed that there was no association between a MD and NI. Moreover, multiple logistic analyses showed that development of a NI in patients with a MD was not associated with age, gender, or comorbidities. Only age was an independent variable associated with a higher risk of development of a NI.

Previous reports have studied variables by performing univariate analysis and excluding some confounding variables \[[@B18], [@B19]\]. Consequently some associations can be overestimated by the effect of those variables. That probably also is true for the role of co-morbidities, according to the criteria of Charlson et al.; up to 90% of our patients were in groups 0 and 1, and, surprisingly, analyses showed that there was no significant association between the criteria of Charlson et al. \[[@B13]\] for comorbidities and NIs. This was also the case when multivariate analyses were performed for infection, the index of Charlson et al., and MDs. Grouping patients based on grade 2 or more of Charlson et al. would probably change those results. That is why when considering the American Society of Anaesthesiologists (ASA) score as the prognostic variable, patients with the physical status of ASA 3 or 4 have a poorer prognosis \[[@B20]\]. However, the accuracy of the prognosis according to the type of disease based on the criteria by Charlson et al. is much higher than ASA when managing the database \[[@B13]--[@B16]\].

We wish to clarify that although it could be suggested that if MDs were associated with a high NI rate (working hypothesis), orthopaedic surgeons may consider not performing surgery, but that was not the aim of the current study. Rather, if the working hypothesis was correct, a new project to identify patients with MDs at greater risk of developing a NI should be developed; then a discussion could take place about whether it is better not to operate, and a risk/benefit quotient could advise upon that.

However, in the current study and in other studies in this field, there are some limitations. By including some different diagnoses within the MDs, the relation of a particular MD with development of a NI can be underestimated. Current classifications within MDs include nonbehavioural-alteration dementia, senile dementia with no complications, vascular dementia with no complications, Alzheimer\'s disease, Parkinson\'s disease, alcoholism, unclassified depression, and other forms of anxiety and dissociative or somatomorph disorders (ICD-10 CM). Only a large multicentre study can differentiate between every mental diagnosis in a way that could stratify diagnoses without affecting possible statistical significance. Such a study, with multivariate analysis, could calculate the risk of developing a NI for every specific MD. Since the population under study would have to be extremely large, to our knowledge, no paper has addressed this problem for hip fracture.

Another problem when studying NIs is the likelihood of adding community-acquired infections; whether the patient developed the infection before or after the hospital stay is unknown when studying nonsurgical site infections. This problem is nearly impossible to solve; however, in the current paper, the chance of introducing this bias was the same for groups A or B. In fact, the earliest NI developed in both groups on the second hospital day. Therefore, we believe that the aim of this research was unaffected by that.

5. Summary {#sec5}
==========

Patients with an MD do not have a higher risk of developing an NI after surgery for hip fracture than patients without an MD. An MD is not a significant protective variable (null hypothesis).

This paper was performed with a grant from the Carlos III Institute (The Spanish Ministry of Science and Innovation) to the authors\' network of research group on Clinical Epidemiology (CIBERESP). The authors are grateful to Antonio Lara, and Francisco Rivas, for their assistance in data retrieval.

###### 

Descriptive Statistics for Groups A (patients with mental disorders) and B (patients without mental disorders).

                                        Mental disorder                                                                                 
  ----------------------- ------------- ----------------- ----------------- ----------------------- ----------------- ----------------- -----------------------
  Length of stay (days)                 6.72 (4.08)\*     13.58 (16.74)\*   7.09 (6.34; 7.83)       7.35 (6.45)\*     28.08 (21.96)\*   8.74 (8.00; 9.48)
  Age (years)                           78.45 (11.14)\*   84.83 (5.75)\*    78.82 (57.26; 100.38)   75.50 (14.89)\*   80.15 (8.16)\*    75.81 (47.15; 104.46)
  Charlson et al.         0             63 (20.9%)        2 (16.7%)         65 (29.15%)             407 (63.4%)       29 (63.0%)        437 (63,43%)
  index for               1             106 (50.2%)       7 (58.3%)         113 (50,67%)            192 (29.9%)       14 (30.40%)       206 (29,9%)
  comorbidity             2+            42 (19.9%)        3 (25.0%)         45 (20.18%)             43 (6.7%)         3 (6.6%)          46 (6,68%)
                                                                                                                                        
  Gender                  Male          63 (29%)          5 (41.7%)         68 (30.49%)             186 (28.9%)       11 (23.9%)        197 (28,59%)
  Female                  148 (70.1%)   7 (50.3%)         155 (69.51%)      457 (71.1%)             35 (76.1%)        492 (71,50%)      
  Nosocomial infection    No                                                211 (94.62%)                                                643 (93.32%)
  Yes                                                     12 (5.38%)                                                  46 (6.68%)        
                                                                            Total: 223 (24.5%)                                          Total: 689 (75.05%)

For continous variables, mean and 95% CI.

For discrete variables, frequency and percent.

\*Standard deviation.

###### 

Simple and multiple logistic regression (crude OR and adjusted OR\*) for nosocomial infection.

  Variables                              Crude OR (95% CI)                       Adjusted OR (95% CI)
  ------------------ ------------------- ------------------- ------------------- ----------------------
  Mental disorders   No\*                1                                       1
  Mental disorders   Yes                 0.79 (0.41; 1.53)                       0.74 (0.37; 1.46)
  Age                                    0.96 (0.95; 0.97)                       1.04 (1.01; 1.07)
  Charlson et al.    0\*                 1                                       1
  index for          1                   1.07 (0.60; 1.90)                       0.99 (0.54; 1.80)
  comorbidities      ≥2                  1.07 (0.43; 2.65)                       1.02 (0.40; 2.62)
  Gender             Male\*              1                                       1
  Female             0.93 (0.51; 1.68)                       1.14 (0.62; 2.10)   

\*Reference value.

###### 

Bacterial culture results.

                                                      Surgical Site                         Pneumonia                                         Urinary                       Others                           Total         
  --------------------------------------------- ----- ------------------------------- ----- ---------------- -------------------------------- ---------- ------------------ -------------------------------- ------- ----- ----
                                                No.   Bacteria                        *n*   Bacteria         *n*                              Bacteria                      *n*                                            
                                                                                                                                                                                                                           
  Group A (patients with Mental Disorders)      3     *Staphylococcus haemolyticus*   *1*   *5*              *Klebsiella Pneumoniae Blee +*   *1*        *3*                *M. morganii*                    *1*     *1*   12
  *St. galactiae and St. epidermidis*           *1*   *E. aerogenes*                  *2*   *E. coli*        *2*                                                                                                           
  *St. aureus*                                  *1*   *Common flora*                  *2*   *Non-filiated*   *1*                                                                                                           
                                                                                                                                                                                                                           
                                                      *St. aureus*                    *3*                    *Ps. aeruginosa*                 *2*        *12*               *Klebsiella Pneumoniae Blee* +   *1*           
                                                      *St. haemolyticus*              *1*                    *Acinetobacter baumanii*         *4*        *St. aureus.*      *1*                                            
                                                      *Enterococcus faecalis*         *6*                    *E. aerogenes*                   *3*        *E. coli*          *5*                                            
                                                      *Sarm*                          *2*                    *Common flora*                   *3*        *Ps. aeruginosa*   *2*                              *3*     46    
                                                      *Escherichia coli*              *6*                                                                                   *E. asburiae*                    *1*           
                                                      *Morganella morgagni*           *1*                                                                                   *St. sacarolyticus*              *1*           
  Group B (patients without Mental Disorders)   19    *St. epidermidis*               *3*   *12*                                                                            *P. mirabilis*                   *1*           
                                                      *Pseudomona aeruginosa*         *3*                                                                                                                                  
                                                      *Enterobacter cloacae*          *4*                                                                                                                                  
                                                      *Klebsiella pneumoniae*         *3*                                                                                                                                  
                                                      *Proteus mirabilis*             *3*                                                                                                                                  
                                                      *Streptococcus agalactiae*      *1*                                                                                                                                  
                                                      *Ps. Fluorescens*               *1*                                                                                                                                  

  \*Some cases had mixed infections with different bacteria.
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